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Abstract of JP2002136156 



PROBLEM TO BE SOLVED: To control energy 
supplied to a piezoelectric stack with accuracy. 
SOLUTION: In a circuit, the piezoelectric stack 
1 2A is charged from a direct- current power 
supply 1 1 via an. inductor 13 during the on- 
periods of a switching element 14 that 
repeatedly turns on and off and by passing 
flywheel current via the inductor 13 by a diode 
151 during the off-periods thereof. A control 
circuit 18 for controlling the switching element 
14 is so set that the on-periods are constant and 
the charging current is reduced as the charging 
of the piezoelectric stack 2A progresses and the 
piezoelectric stack voltage is increased. Thus, 
even if the condition changes due to increase in 
piezoelectric-stacked capacitance or the like in a 
direction such that the speed of piezoelectric 
stack voltage rise is suppressed, the speed of 
charging current increase will not increase and 
thus significant changes in the speed of 
piezoelectric stack voltage will not result. As the 
result, the speed of charging current reduction 
remains unchanged. 
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K.kOJffflBttSn*. fl i ;7?fal-^4cli 
i£ff^4 1 l©±*tCJiT*l6llC^$nfc^4 1 2 
lCg©g&-2>2 0©fc:X b>4 2 4, 4 2 5AWIfi 
K«J*3n. ±#J©;*;#©fcfX h>4 2 5<D±^(rtfX 
VX* 9 2 Aj6«±T*IrI*#»S*I«3 t l/TERSnt 

[0 0 4 6] *gfc!X H>4 2 S\t*<DTJ3\zmi-t*>n 
tzXZfV>?4 2 6\Z&K>¥^J7>5>vi?2A£mmVt 

[0 0 4 7] #-^42 3 t*fl6]-r^>TfiiJ©/J^tfX h 
>4 2 4«t^:gtfX h>4 2 S£m?Z4 1 2 tTriS^tt 

tlT*3D> t-X>/X*^2A©#gT*gk!X b>4 

2 5*tT3&«ttbT«ffiifcfc*4 1 3©«»*JfJE-r* 

-£©i¥ffi:*ja<g!&tfc*^4 1 3©*8W*^-UT/hS 
bfXh>4 2 4(rfe^.e>n^. /JvgtfXh>4 
2 4«7C@tfX h>4 2 5£9fc/hg<hbTV>-5©Tr, 

ifi'/x? y v 2 A©#s»a<tfc*$nT/jN«t!x h > 

4 2 4©^{4IC^^n^)„ 

[0048] *tt»**4 1 3 \z%m+tttzmmmtc 

£ n-5 «fc 5 1C b & x >y i7 # b TiSJEiISS 4 
0 2£iIbTU£. ^x>;/:?#te{B;JxiiS&4 0 2^5.^ 



tfX'/X^y:* 2 A©#filC«fcO:*:gfcrx H>4 
2 5;WJESnfcl$fc:aCTjK»**fiBt*£4 1 3 fc 

[0 04 9] JftftPfttfttKltt. $fr> fcfX\7X* >y ^ 2 
A^ft^nTtfX^/7.^ y ^ 2 A*5#gT5 C ttC«t 
0. /hgfcfX h>4 2 4#TI$bT#-;U4 2 3£Jfb 
"Bf unti 0 *-;l/4 2 3 j&»ffiffi«->— h 4 1 0 
1 *» 6«Wr * tt% CESEEflJS'- H 4 1 0 2 b 
TffJE^4 0 6tW£JEISS4 0 2 5©T% 
^4O6 0l«)£^«Tt5. CtltCkO, X-HJV4 

2 1 t«^*iRj{cf^fflf zj]<Dj5wmmjsm\zfem-?z> 
ti^hm^tfi^T, x-h;p4 2 r*««asbT«8» 

[0 0 5 0] iftWffjktt^KfcTxi/Xi'y* 2 AOtt 
«fcJ;»)tfX'/X^y^2A*ifi|/hbT3p— ;P4 2 3^ 
©If b~Ftf -©^ #&4 1 OrtttflBE 

tftoT*5D, ;U4 2 3©JSffitC»4S5JE*l^ii 

SS4 0 SA>e>it5JE©^fcHE^^fp^bTViS*€), 
;P4 2 3 lr»±^flct UT»4JiI«*©MS»£Ej&H^ffl bTVi 
*UT, MfB#-J>4 2 3^©J¥ bT^f^J©«l^tr 
i0. ^— ;U4 2 3/^iSEE$J->— H4 1 0 2*^BIWr 
. SttfcKfStfl&EffliJv'- h 4 1 0 1 l:fIbT^fS4 

i o <nmnmt)&±9i-?zr£tb> =.- hju4 2 1 «t*AE 
b«M^±-r^. 

[0 0 5 1] ftijwmiBs 1 8 (Dfinfflmtz^TWiw? 

•5„ fWPlHlBSl 8(4^1©X-fy5 1 >^ J ?l 4©=*> 
«Mt*7»3IWtt5k©«J:5 iclgjtb, -38 1 ©X-f 

>{fm¥i 4©«ffli^s:m^T-s. -r^*.> ^->» 

•2><i:^ 1 ©X-f v^>ifm? 1 4 $r^->bTi^Tb^:© 

-r viwiHitcT^j&Kjfe^tifei^ra©^, aj^j^n> ^ 
Rgtc^ufcEiiBcTS 1 ©x-r y^ytfm^f- 1 4 ©:*>* 

[0 0 5 2] 14(1 %%MM1V CDtm^tZm-Tb 

©-e, y^yym^-i 4<D*>mffl\z\t. ^i©is 

i/^ 1 3^bTk*xVX^^^ 2 A~2DtC»iii-r^ 

x-f ->^>y5iiT 1 4 o*7Mnintr 

14. -f >^i7 ^ 1 3 fc5B^-T *»*fi«**»JB 2 ©«^ 

y-r^— hi 5 ltc^bji/wyxt^o, m2©a* 

HStTiWl-5. r^T. ^l©X-f-vf>^f 14® 

*>*yffi&mziti,T-i 1 3^«tt/:txyx 

9y9 2 A~ 2 D t*tnatt<0*-lMMMfctt-H)-fcW 
<, «[^t4HA^t^-&?.. 

[0 0 5 3] Cut, ^->^"X l^fflt4Stt-5^SS8S 

©t-^ffl (tr-^«o?t) ippeakh *>mm(Dmm 
\z&»&Qffire&b* HL9L9M1 i<Dmi)W£ my. 



1 1 3©M«gp B 1«EESrVDC-DC . tX'/X^ y fn&Z 
Vp.. ^->fflP B 1©fi$*T0N, -f>^^13©-f>^ 
^^X^LiLT, I pPEAK = (VDC-DC -Vp ) X 
TON/Li&S. 5£*, fit5t^ilStB^miEVDC-DC tttd 
IS© r t < — 5£ <h#-&it-3. 

[0 0 5 4] 05tC^-TJ:-5tC. tfxVx^y^mJEV 
p H,- fcTx^X^y^ 2 A~2 DCD^tm*Wte-r-5^f© 

«r^-T*>&. X^yf/i'ffl 40'*>»|BI:-f >^ 

i7^ i 3 icepfinsnsmffi (vdc-dc -vp ) a, t?x 
i/x* y 2 a~ 2 D©?Em^jitf \z-onxm'Ai&< fc 
z>. ^ntr«to. -f i 3 

2<&3fr6, *>JHIBfc*^S3li5«maEIp ©SJSSfc 
fl^/X^ y ^ 2 A— 2 D(D^cm^iltytConT/h^ < 

[0 0 5 5] tfxyx^y^mjEVp «tfiy 
X^-yi' 2 A~2D©»^»cicsj±0y-r«>^e». # 

m^iC^il^cL/tfr^i. cntifcTxyx^y i?ffi 
[0 0 5 6] £©, KX'/X^y^ffiVp ©JL#j£g 

mffliztertz-fyi??? i 3 ^©TOD«BE©{£TA^fn 
T^fticftus u ^Mtc^/t^mm^ i p ©fl£4>& 

fcfxl/X^y^mJBEVp ©Jt#j8flE*i«Srt--6*toi::fe 
ffl-TS^e. tlXl/X^y* 2 A~2D©S*«sg»©*t 
^tC<toT«tfX>/X^^^mffiVp ©SPt^D^yT 

[0 0 5 7] — is. tfxVX^y^m/EEVp ^tfXl/X 
?7i?2A~2 D©t£®gS©if *K£oT:*:#< JEffe 

[0 0 5 8] L^fc. £©, £x>/X;*yi7 2A~2D 

©»m^fi©it^fw<t^tfxyx5'^i7®jivp . 

k 0 xV7.^^^2 A~2D^©, ^miC«k-5#'e: 

■snn'sfc. o ©x*jw=— #a&«»4tr xvx* y ^mmv 
p t^«Hditip ©irrrS^ti-stci^, tfxVx^y 

^mffivp ©ji#^^ai^iT^77(Sif4. *t£i$p B Wc 

IP ©M4>£tifcrr-57j[p]«:» ^^Sfc0©x^;u 

®-rz>jjfa\zi$mi>T^z>. Lfcd^x, ^e^rasfc 
o©x*ju*-8m&s^ mmf&m.(D&wmizmmLrzL 
txi/x^ y i7 2 a~ 2 D©»m^s©^«i(cfe#-rs 

©£3 ■E.lCitffWr-S d 
[0 0 5 9] 06 (A) , @6 (B) . 0 6 (C) tt^ 



~2Dfflfif§tC^T, bfxVX^y^SUp 

. tfxyx*y^«j£v P . tti^wf-Eow 

[0 0 6 0] -5-LT, 06 (A) ~06 (C) SritlfcU 
Tftl&iaSi^C, tfX'/X^y? 2 A~2D©»Mi# 
fiCrtm*LTt>tfx>./X:?y^mffiVp 14M^JC±#. 

[0 0 6 1] Lfc*<oT v tfxVX^y:? 2 A~2D© 
*«II*M 7*- hV\*y irf&IP 

^#^>-TfC fcfX'/X:* y 7 2A~2 D©»«^acdt^ 
{fcLTfe HxVX^ y ^ 2 A~ 2 D'MDttl&X*;^— 

[0 0 6 2] tfxVX^y^ 2 A~2D©ti 

ffllDlZ tfl'/Xi' yi? 2 A~ 2 D~-f 13~g 
2©X-fyf>^*f 1 5~a*?^^-f^--h* 1 6 1 

fcu>5«»-eaw«***SEn. *-:7»iihk:, trx*/x* 

y ^ 2 A~ 2 D — f>^^13 ~Sg 1 ©^FSe^'T 

h* 1 4 1~A*7773>t>+H 1 3t^5MSSTriiim 

•ifc&Wu A777a>f>fii3l:m 
oTtfXl/X^y ^ 2 A*s§^f UTV»fcX^;U^— dtm 

[0 0 6 3] (Jg2 3«HS»ffi) -f 1 3«huIS© 

rt<SS©^#*itxVX^yi7 2A~2D«kDt)ffi 

Se.fdhfX^/X^y^ 2 A~2D^©«)^X^JP^ 
-«»fflHi»*fl:*B5fct>OTf. 0 7(C*5§B^©^2 

0gs©«fiE^^-r. h+, mimmmmtrntm^ztt 

P^t©ffla^$:*^(riJiBJTS. 

[0 0 6 4] *&KJft£tt. fcfx>/T^^iX-^Mlft 
IeISS^tt^l5IJS^©Sfi£i:raUTfeD. 

Bmt<Di®m&.&'t i >bizm.w-rz>. 

[0 0 6 5] txVT^fX-^lgSblElgSl A©»Iffl[Hl 
SS18A«. tfXV/X^yi' 2 A~2D®M^PIM 
5SSl©^->^»C^^X^l*IS^$nitS$T-fT'5 

©T«fi< . gfitss i 7 j: r)mih^ntz.^mm.sn. i p 

^«#L. ^-©^^£A^©^->W^©fi$T0N<h-r 



[0 0 6 6] Z.ft\z£r>. ^>¥2? 1 3©<>?^* 

">»iiHicDfi*fc»«ianT. tf-^mstipPEAK 

[0 0 6 7] 0 8 (A) , 08 (B) „ El 8 (C) \Z-f 

I 3©-f>^*>XL£SD» fcTX^X^-y 

2 a~2domi^M- Ero^KjSr^i-feco-e. -f 

2 A~ 2 D^©MX*M-E t fc, I^U7 7-f 
Mi— 5£L-T^S. 
[0 0 6 8] L*bX, /f 1 3 C-f 

iiS«fti&HX'/X^y^2A~2D©3lElt«ffllSrff 

[0 0 6 9] «Ofi»!B-Ctt*>»imi©ftST0N 
£ fcf 9 v 2 ©#SB# £ »cfr 5 J: 5 fc&it bfc 

[0070] on 3 mmmm) 0 9 to***©* 3 suss 

i ig i; »^ * U tt* 1 SfeK»IB t ra 1: fWft **r 

so-ejg 1 *»»!8t ©ffij&SiS+'OtiBiw-r*. fx 

2 A~ 2 D0#t«I*W^Tfe^X^M-© 
^Kj$r«IA-5«fcotC^:oTV^. tLT, ftWIelgS 1 8 
Bte, flE*ttffi*aT»*ffi*-fe>1i-5 7 (02) tox 
Dfcffi3n;fcii*>l/'— JMEfcfcAfct UTittaEfliR 1 
1 ©i±J^)®ES:$iJffll-r-5 X 5 l:bitt)©T% A*y 773 

I I 3 ©3temt*5ViTx-f yj-yvm^ 1 1 2 
•■2'o*>*7«jj[*K:*^v»Tia«E«ai 1 1 ©m^mEE 

y^ifmrfl 1 2 2©5j->^7^?SiS$rii^bTil«t 
«»1 l©i±J#«ffi#iiK££5<fc5tor-5. 
[0 0 7 1] Huf2©rt< IpPEAK = (VDC-DC -Vp 

) xT0N/L-z?*«.^e,. mmnm 1 1 ©aj^miEVD 

C-DC .£-Bf-5d£T, I pPEAK *««*U . 

01 OtooVTxpto lfXV r X5'>vi7 2 A~2D<DX^. 
^-©i^Sfcitf-SJIt^T^S,, CintCiD. 
a ^ > U— JUJE* C UfcX*Jl^— £ tfX^T. ^ v P 

2 A~ 2 Dl£#y&-r3 d 

[0 0 7 2] Mte-f >^x^4tofc^T, #-;U4 2 

3 £'J 7 hf £!*K i@5J£Sfflii?§4 0 8 OjK»ffi**»# 
-;w.2 3 *±35\zW\s±tfZ>ii\zin%m-DW&l3ti t & 



X>/7.^ y ^ 2 A~ 2 Dte*#&#m73£*£b&ttn 

toXoT#-JU4 2 3#U:7 hTS^&g&Jfffi?^ 
3E{tr*3&»6, bfXl/X^yi7 2A~2D©*¥JE*^ 
RfcfflE* K^TT 5 PSM **tf 6 1>#; 4 2 3*5 ij 

[0 0 7 3] *jB»*lt««fcJ;ntt, n ; E>i^-;uffi 

;i/4 2 3^LTU7Hmtb^ »**tf«SI5I 

a-ranta^**. -73. a ; E>w-jvBE**««»tn 

n^E>U-;W!73*«S5<#-Jl'4 2 3£U 
7 hit-bS&SCDfC&Rft: fcfxyx^ y £ 2 A~ 2 D©# 

0, n^E>^-;WI73(r«l;e-rm^»^(-*-JV4 2 

[0074] {mimm&m) hi i \z*%twv>w.4-m 
ss&S'j©«ifi£t^fct>©-c*s. 0+> m3&t&mm 

^3SIJ6^-C«, n^E>U— JPffiTlCJSafcSiEX^. 
J^-*M«*iB8Kil« 1 1 ©tbTaSEESr^M-r^Clt 

TfT5*^ 3**K»iB»a[iix*;p*-«i(&«j»*gij© 

7jffit?ff -5. aWHISS 1 8 C ©g*«l^i9:^tt^ 1 ~lf§ 

©s^^-^ic-r^ciT, ei > ;x^»^2A~2D 

0#i*IC*sfftbtt)«l6i*M-OM!i«aiA 
5±7l:^TV^. -J-LT. »JPlHlgSl 8 Ctt> ^S* 
««E*»0 ir^oTc^CX-f v?->tfm^r 1 4©^->f^W) 

tc^-f A^-f W&RttT, 77-f*-f-;Hffil:J;S 
3»«8K**aEn&t»*«flyhMWtVTt»*. Jin 

[0 0 7 5] 01 2\Z^TJ:z>lZ. fEMfakMWVlk-Z 

0. S3^iS^<hllKM(:|B|^©^*#-5C<t^T 

[0076] (msmmmm) mi 3\z*&w<D&5n 
mmm\ztezt!mmmm&<D}iJiVT2>?x-?mmm 



£ ^ l tens 3 SliS^li <h m cftmz-t 

z<D-cm3mi&&mt<D#m&$:*Mz®.wrz,. fx 

V'T^X-^igftia&lDWfliffllHJS&l 8DI1 
*6&»a8©8iffllll!& 1 8A£S*Wlc^i;^^L, 
^.-f y=f-%=f- 1 4 ©31®^© t— ZWffii. I pPEAK ©*J3 
WffllC^f £ * t?©«f IB TONfc.SA&fcli 9 igf <fc 5 
JtSnxiiD. Sftfc, I pPEAK ©*0#)M 

*. 1p&**« t-^««t I pPEAK ©ID«Mt*3*>U 
{6^©#tefc tc «fc 5 jgEx* »¥HKttfM0® a* t h 

[0 0 7 7] ^1 4JCh'-^«StIpPEAK ©iZIJflWctt 
T-5 t!l77?fal- * 2 A~ 2 D'vfflSAl^K 
-©!tlil«Sm£^-r. bf-^Hsit I pPEAK 
d<hT 1 5 On stOt!l77?faI-i'2A~2D 

Z2=E>U—)V!£tliZI^CX I pPEAK ©?s08Hii£-fe y hf 
[0 0 7 8] bfxVX^^^2 A~2Dfl)Ml 

[0 0 7 9] Sfc. tiyxi'-vi'^ctl&x^;^- 

[0080] mtemmmm^ oyi?^ 

«ffi*©ffi**i«rra«jift!W»*«A. ^©* 
-;i/£^&ifc*:^©»jE£tf- UT»fflB»rr*«j«© *> 

< . *%BJ«, mlfE#&¥ 6-12101 
*»&©*> ©3? I' feil«-r^> d 

[0081] *rw\*. -i>-j^i7^(Dmn^ 

[01] *«9i*»1ILfcm"©fcrxi/7^a.x-* 
[0 2] MtetfxV7i'5 1 3.x-^^»j[siSSt«k0^i!) 

£ tr xvr * tfmmz n/tm^mam © 
-r >^xi7^&*i-^.rt^H©^ig«ge©fiifi£0 

[0 3] mu-i >v ? x^^©Ktffi0-efe^>. 



[04] MfBtfxyy^^xx-^^iijiEigs©^^ 

©iS^^bSr^-rOT-S^. 
[0 5] MietfxV7^5 L 3.x-^^«j[5]SS©*gB©iS 

[0 6] (a) . (b> . (o «^ti^nMfHtrx>/ 
^^.x— ^ © tx vx^ ^ ©^mss^s^^Hfr 

IBtfxVT^^^x-^lgttjlHlSSWf^Kj^-r^^^-r 

[0 7] #f£^£iSfflL;fc?g2©t^y7£?xX-* 
IEiblHlSS©lHlSS0Ta5-5. 

[0 8] (A) , (B) , (C) «^-n^ntufHh-xv 

i7 ^ >X 3 miB h'x »/ 7 * ^a. X- ^ ISlfjlHlgS© 

[09] *^^^ilfflbfe^3©tfxyT^^iX-^ 
IKi!)[ElSS©lsIgS0T$>^.. 
[010] Wi2fcfxy7£^xX-^ffi»lH]g&©<&8&© 

[011] *3B^*3a«bfc»4©lfxy7^5 l aX- 
$^E&I§1B&© [HgS0T* -5 . 

[01 ^ 2] WIBtfx\/7i/5 1 xX— *B!!>tHl8&©#8B© 
[013] *fSWft3Mb&IS5©KXVO' , 2^J.x— 

^ raniaies© @&hts ^ . 

[014] «rEKxi/7^^-3.X— ^«ft|HlBft©f^»* 
[015] S£*©tfxyT^^^X-^^ift[sIgSro^ 
[^©tttHJ] 

1, 1A, IB, 1C, ID b'XVO'^xX-^ig 

1 1 mtftmrn 

111 n-vfu 

112 DC-DC3>A- # 

113 =i>x>-y- 

12 a, 12b JISMSS 
13 

14 SfSl©X-f y^>ifm? 

141 , m$i?-i-*-\ t 

15 ^2©X-f-y^>^^F 
151 Sdfe^-f:*— h* 

16 A, 16 B, 16 C, 16D B«*-f 

161 A. 161 B, 161 C, 161D ^±y-f^ 
— K 

1 7 gixgg 

2 A, 2B. 2C. 2D tX'/^^^i' 

3 ECU 

18. 18 A, 18B, 18C, 18D $|&I(eI8£ ((H 



4 -f>>?x£# 
4 a /X;PgB 

4b nmumm 

4c tiy.j^fai-^ 



11 111 



42 3 

5 4 n^EVU— )V 

5 7 !£t>-t>D- CE**U^a> 



[HI] 



14] 



lp=(VDC-DC-Vp) X TON/L 
vnc dc 141 14 13 2A 161A 2B 161B 2C 161C 2D 161D to 

ua m mil ' 




C=D / t=l 



16C 





i Toff Ton Ton 



:m2] 



[03] 




[05] 



[06] 




(A) 



200i 

180- X-DC*E*200V- 
160- 




(B) 



50 ©® (us) 100 . 
, L=30uH, tfI^9v^gSg&=8uF,TQM=5ns 



150 



- DC-DC IE =200V-~ eit/^v9tS(V) 




(C) 



50 ISBKus) 100 
L=30uH, ei^9v^gggg=10uF,TQN-5us 



200 

180- DC-DC H££ =200 V 




50 BM (us) 100 



[0 7] 



[010] 



11 111 



141 14 13 2A 161A 2B 161B 2C 161C 2D 161D 'P 



Vp 





II 2] 



(A) 



(B) 



(C) 




™ 150 
hfl^y9»meS=6uRL"45uHJ0^6us 



180 

160 — \tvn$vom^ 

140 - 
120h 




100 150 
RflSKMs) 

tfl!/^V^glg§-6uF,L°75uH,ToN=10|is 



180 

160— tfi^^tSM: 
140 
120- 




100 150 
Bffe) (us) 



250 




[09] 



11 111 



141 14 13 2A 161A 2B 161B 2C 161C 2D 161D 




11 1] 



80 

150 M* 

141 14 13 2A 161A 2B 161B 2C 161C 2D 161D x 70 




|Vp/ (nvl) 



50 



14 



16C 



1 3] 



141 14 13 2A 161A 2B 161B 2C 161C 2D 161D 




1 5] 



IP 
Vp 



C»*(B£) ...w JL 




(5i) int. ci. 7 wower 

F02M 47/00 



47/02 
51/00 
HO 1 L 41/083 
41/09 

(72)3Sbj# mt mm 
<72)*w# mm mn 
(7a «w* »■ 



F I 

F 0 2 M 47/00 



47/02 
51/00 

HOIL 41/08 



f?-& mm) 



c 
p 

E 

E 
P 
U 

3G066 AA07 AB02 AC09 AD02 BA61 
CC06T CC08T CC14 CC64U 
CC67 CC68T CC69 CC70 
CD25 CD26 CE13 CE27 CE29 
CE34 DC 18 
3G084 BA13 DA04 EC06 FA00 
3G301 MO 2 HA04 HA06 JA03 JAI8 
LB11 LC05 LC06 LC10 MA28 
NA06 ND02 PB08Z PG02Z 



